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CLIMATIC  SURVEY  AT  CRREL 
IN  ASSOCIATION  WITH  THE 
LAND  TREATMENT  PROJECT 


Michael  A Bilello  and  Roy  E Bates 


INTRODUCTION 

In  CRREL  Special  Report  171,  Wastewater 
management  by  disposal  on  the  land  (Reed  et  al 
1972),  a technical  assessment  of  land  disposal 
methodologies  with  respect  to  several  different 
disciplines  was  conducted  The  report  showed 
that  for  year  round  operation  in  areas  with  sub- 
freezing  winter  temperatures,  the  following 
meteorological  parameters  should  be  con- 
sidered air  temperature,  precipitation,  wind 
speed  and  direction,  evaporation,  relative 
humidity,  radiation,  and  snowfall  amount  These 
allow  interpretation  of  winter  surface  condi 
tions,  such  as  the  depth  and  physical  properties 
of  the  snow  cover  and  the  formation  of  ice  on 
the  ground,  which  may  result  from  the  freezing 
of  applied  wastewater  and  from  the  thawing  and 
freezing  of  winter  precipitation 

During  1972,  six  test  cells  (Fig  1)  were  con- 
structed at  CRREL  for  the  purpose  of  studying 
application  of  wastewater  on  various  soil  types 
and  vegetation  A program  was  initiated  to  ob- 
tain basic  information  on  the  climate  proximate 
to  the  test  cells  This  report  describes  the  equip- 
ment used  and  its  installation,  and  provides  sum- 
marized results  of  the  collected  climatic  data 
Meteorological  considerations  for  the  operation 
of  wastewater  treatment  systems  are  presented 
in  reference  to  the  operation  of  the  CRREL  test 
program 


METEOROLOGICAL  DATA 
ACQUISITION 

Meteorological  instrumentation 

Temporary  installation  of  meteorological  in 
struments  to  measure  air  temperature,  precipita- 
tion, wind,  and  relative  humidity  was  a< 
complished  during  September  and  October  1972 
in  an  open  field  west  of  the  main  CRRtL 
bi. tiding  After  construction  of  the  wastewater 
test  cells  was  completed,  the  equipment  was 
moved  adjacent  to  the  test  cells,  and  additional 
observations,  such  as  those  for  evaporation  and 
solar  radiation,  were  started  in  )uly  1971  The 
locations  of  the  meteorological  equipment  at 
both  observation  sites  are  presented  in  Figure  1 
A photograph  of  the  main  meteorological  in 
stallation  site  and  a small  building  (completed  in 
October  1973)  used  to  shelter  the  recorders  is 
shown  in  Figure  2 

Following  is  a listing  of  the  instruments  install 
ed 

1 An  instrument  shelter  containing  maximum 
and  minimum  thermometers  and  a hygrothermo- 
graph  to  continuously  record  the  air 
temperature  (°F)  and  relative  humidity  (%) 

2 A standard  fl-m  recording  rain  gage  in 
which  an  antifreeze  liquid  is  added  in  winter  to 
melt  and  record  snowfall  in  equivalent  amounts 
of  water  (in  ) A snow  stake  is  located  near  this 


A 


1 Instrument  shelter 
{ Ret  ordmg  ram  gages 

4 Evaporation 

5 Wind  set 

b Instrument  trailer 

7 Six  test  t ells 

8 Recorder  bldg  — temperature 
pressure,  wind  & radiation 

9 Instrument  shelter 
10  Wind  set 

11&12  Recording  rain  gages 

13  Radiation  - net,  total,  vertical 
and  evaporation  (small  pan) 

14  l vaporation  (X  1 pan) 

15  Thermocouples  at  0 l m elevation  and 
at  ground  surface 


Figure  1.  Location  of  meteorological  instruments  at  CRRLL  (1-6  were  in  operation  from  October  1972 
through  luly  1973,  and  8-15  from  luly  1973  onward) 


figure  2 View  of  meteorological  installation  and  wastewater  test  cells 
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gag1'  to  IIUMStllo  I Ilf  « it  ■{  J ( 1 1 III  SIKiW  <111  till' 
gn  id  mi  (in  ) 

i Wind  ■>( ift-ti  and  direr  tion  equipment  trom 
whir  h dvt'fiiiii'  hourly  speeds.  peak  gusts  (mph) 
and  dirin  lion  to  16  points  ot  the  c ompass  an-  oil 
tamed  and  i ontinuously  recorded 

4 A vertical  F ppley  pyrheliometer  to 
measure  incoming  solar  radiation  tailing  or  a 
horizontal  plane  Hourly  average  values  of  solar 
radiation  in  langleys  (g-c  al  c m •'  h ’)  are  obtained 
from  this  continuously  recording  instrument 

5 A National  Weather  Service  experimental 
insulated  evaporation  pan  (called  a modified  X i 
pan)  installed  next  to  the  test  i ells,  and  a < on 
tinuously  recording  Lambrechl  evaporation  in 
strument  lot  ated  in  one  of  the  test  cells  1 his 
equipment  provides  daily  and  hourly  amounts  of 
water  (mm)  evaaoratmg  from  an  exposed  water 
surface 

6 A two  point  recording  thermograph  to  <>!> 
hun  continuous  temperature  (°C)  measurements 
at  the  ground/air  (or  ground  snow)  interlace  and 
I) 3 m above  the  surface  at  the  test  cells 

Monthly  meteorological  summary  data 
booklets  have  been  assembled  and  are  available 
at  T.RRFL  1 hese  booklets  contain  hourlv  sum 
m iries  ot  the  weather  data  c ollerted  on  this  pro 
;<><  t Eighteen  months  of  these  data  (from  Ot 
tober  1 bv  2 thiough  March  1474)  were  c ompilcd 
and  tabulated  on  a daily  basis  (App  Al.  Ibis  m 
formation  was  summarized,  and  the  results  oh 
tamed  tor  each  ot  the  observed  meteorologu.il 
parameters  are  described  in  the  following  s<  < 
tions 

Air  temperature 

Mean  monthly  air  temperatures  computed 
from  the  daily  values  between  October  1972  and 
March  1974  (App  A)  are  plotted  and  compared 
with  the  long-term*  average  monthly  air  temper- 
ature in  Figure  fa  1 his  figure  shows  that  the 
winters  ot  1972  71  and  1973-74  were  both 
warmer  than  normal,  and  that  the  temperatures 
from  April  to  November  1973  were  near  normal 
A siiritl.tr  analysis  was  made  using  the  mean  d.u 
ly  maximum  and  minimum  temperatures  fot  the 
same  period  (Fig  lb),  this  confirms  ihe  results 
shown  in  Figure  3a  and  also  shows  that  the 
average  minimum  air  temperatures  observed  at 


1 eng  term  in  this  t a.i*  is  a 4h  v.su  | >r i toil  t>i  r . 

Hanover.  New  Hampshire  trom  about  I'll  Hi  ui  I'lV  I s 
IJept  of  Commerce  19S8) 


< KRI  I (luting  both  wuiler.  wen-  warinci  lli.in 
normal  However  inspection  ot  later  k-i  ords  in 
duates  that  average  air  temperatuies  in 
Hanover  during  more  recent  years  have  ini  re.is 
ed  For  example  the  average  annual  ,*.  r 
temperature  tor  the  period  ot  recoid  used 
figures  fa  and  fb  (1906  1952)  was  *-14cF 
whereas  during  the  decennial  of  1 S S 1 196(1  (he 
average  annual  temperature  was  45  ?°l  In  . mu 
parison.  the  average  annual  temperature  t.,-  i: 
vea i 197  f at  C.RRl  t was  44  7°F  ( onsequently  a 
recent  temperature  trends  are  considered,  the 
year  1971  was  actually  slightly  (older  lhan 
observed  during  the  1950's  A c omparison  ot  tin 
severity  ot  the  1972  71  and  the  197  5 74  winters 
with  those  between  1951  and  1960  was  also 
made  rot  a I fiee/ing  degree  dayst  tor  thi 
winters  of  1972  7 f and  197(  74  at  ( RKt  I wen- 
1067  and  1201),  respectively,  whereas  the  nun. 
her  ot  average  cumulative  freezing  degree  days 
tor  the  winter  season  between  1951  and  I960 
Hanover  was  900  lluis,  when  trust  i ond.u- -e- 
are  i considered,  the  two  winters  under  study 
were  i older  than  (he  average  winters  between 
1951  and  1960  This  evaluation,  howi 
not  show  whether  Ihe  two  winter  seasons  .si  te 
longer  or  shorter  than  normal 

Precipitation 

Information  on  the  rate  and  amount  o: 
prec  ipitation  in  land  treatment  management  is 
obviously  a necessity  Rainfall  and  vy.,t,r 
equivalent  amounts  of  tro/en  precipitation 
(such  as  snowtall  and  tree/ing  rain,  recorded 
hourly  on  a weighing  rain  gage  at  the<  RRI  I site 
from  October  1672  through  Marrh  I9~4  arc 
presented  in  Appendix  A Ihe  monthly  :■  v - tor 
Ihe  period  of  rec  on)  at  CRRf  1 were  plotted  it  ig 
fc ) and  compared  with  the'  norma)  monthly 
)>rec  ipitation  amounts  recorded  at  Hanover  clur 
mg  the  fO-vear  period  19.31  I960  . s given  by  the 
U 5 Dept  ot  ( ommerce  (1964 . I he  result , show 
alternating  periods  ot  above  and  below  norm,, 
amounts  ot  prec  ipitation  occurring  at  C RRI  ; 
over  the  Iff  months  of  study  The  cycles  ion 
sister)  or  two-  or  three  month  intervals  during  the 
first  nine  months  followed  by  a five-month 
period  of  slightly  below  normal  pre<  ipitation 
from  luly  to  November  197  f and  a much  above 

1 1 If  '.'••i'riT  «l.fv  tfij.il  » » >r  ,in\  onr  duv  ••<>!<..  .%  flw  • i ■ m < fi  • , 
in  ivt  * • fhf  .fv#T«*|*«-  tJ,iil\  .» r r !•  M, ill, tf  .trid  |J‘I  [ ho 
V-tl-ri’  i.  (}«*;. illy*  VA  hi  n fho  ,i  \ • .1  k^f  • (J«i  I ' \ . t ; r f • -r»  • ; i-i  ,r«-  in 
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Figure  4.  Daily  accumulated  precipitation  amount s at  CRRtL  in  197 i fsnowfa//  converted  to  water 
equivalent). 


normal  period  occurring  in  December  197  1 
Most  of  the  prec  ipitation  during  December  197  i 
incidentally,  was  in  the  form  of  rain  The  total 
annual  prec  ipitation  in  197  5 at  CKREL  amounted 
to  19  94  in,  which  is  only  slightly  above  the  nor 
mal  value  of  17.30  in  For  the  warmer  period  ot 
the  year  ( 1 April  to  10  September),  the  observed 
total  precipitation  of  22.21  in  at  CRREl  in  1971 
was  slightly  above  normal  More  than  ‘A  of  this 
amount  fell  during  April,  May,  and  lune  Daily 
amounts  of  precipitation  are  also  useful  in  any 
water  balanc  e water  quality  or  land  treatment 
programs,  consequently,  these  values  are  also 
listed  in  the  detailed  tabulations  presented  in 
Appendix  A A plot  of  these  accumulated  daily 
values  of  precipitation  starting  on  1 April  and 
ending  on  IK  December  1971  is  shown  in  Figure 
4 The  total  amount  of  accumulated  precipita- 
tion during  this  interval  was  30.04  in 

The  average  total  annual  snowfall  amount  in 
Hanover  tor  the  1951-1960  decennial  is  HI  6 in 
(U  S Dept  of  Commerce  1964)  Normals  tor 


longer  records,  however,  indicate  dial  the  iol.il 
annual  snowfall  amount  for  Hanover  is  c loser  to 
71  in  (US  Dept  ot  Commerce  1958)  1 he  ac 
cumulated  amounts  ot  snowfall  and  depth  ot 
snow  on  the  ground  during  the  s\  inters  of 
1972-73  and  1971-74  are  plotted  in  Figure  5 
Total  snowfall  during  1972-71  was  slightly  above 
normal  but  was  much  below  normal  during  the 
following  winter  Comparisons  between  the 
depth  of  snow'  on  the  ground  and  concurrent 
weather  conditions  showed  that  the  intervals  of 
accumulation,  compaction  and  ablation  cioselv 
followed  the1  periods  of  new  snowfall,  no 
snowfall,  and  warm  temperatures,  respet  tivelv 
A maximum  snowcover  depth  ot  24  in  was 
observed  during  the  w inter  of  1972-71,  w hereas  a 
maximum  depth  of  only  11  in  . as  well  as  periods 
of  no  snow  on  the  ground,  were  noted  during  the 
winter  of  197  1 74 

Although  snowtall  and  snow  depths  were  light 
during  1973  74,  ihe  continued  spraying  of 
wastewater  during  November  and  December 


cm 

2401 


in 

100, 


T— r— r --r 


* 


i 


200 

O 

CO 

r 

160 

£0' 

£l20 

01 

■ 

j 

o 

ao; 

80 

r 

» 

r A 

40 

L 

\yf 

r 

0 

L o 

' 10  20  j 

Now 

f 

\ L-  i 

10  20 

Oec 

cm 
160  r 

in 

60i 

■~r'T“r  c ri 

"'»  * f T T i 

1 20  f- 


% aoh 


40- 


85  5 m. 
1217  9 cm) 


Snowfall 

J 


Snow  on  ground 


l 

| io‘?o‘  | * 

s , 

1 . 

10  20 

L 

. is.  . . 

10  20 

J 

. J 

to  20  1 

Jon 

L 

Feb 

Mar 

I . j 

o 1972-  fb 

! ■ ' • t ' r ■ 

1 ' M | 

| i r i 7-r 

T*  r ^ — I 

52  6«n 

(133  6 cm  y 


*0l- 


201 


u t X- 

i • t , t , i , r, * . i 

o 

ro 

O 

10  20 

o 

T\j 

o 

o 

C\) 

o 

10  20 

to  20  ' 

Nov 

Dec 

L _ 

Jon  Feb 

j 

Mar 

Apr 

b 19  73-74 


liftin'  ‘i  \<  ( unuiUiiwI  snow/.i/i  r < • < < i r<  / i I Kirimnuih  < )h>erv<il-f*ry. 
/fawner,  N II  I jnrf  o/iscvvec/  c/cpdi  of  snow  no  the  urni/nd  ,)l  ( RKI I 


197  1 resulted  in  .i  substantial  buildup  of  lie  on 
the  test  c ells  (see  App  B) 

Wind  speed  and  direction 

Average  daily  wind  speeds  and  prevailing 
directions  recorded  at  C'RKtL  during  the  IB 
months  of  study  are  given  in  Appendix  A 
Monthly  averages  of  these  values  were  com 
puled  and  the  results  are  shown  in  Figure  (>  I he 
lowest  monthly  average  wind  speed  (2  mph)  was 
recorded  in  M.iv  1 97 J and  the  highest  (7  mph)  in 
March  I‘I74  The  mean  wind  speed  at  ( RRH  for 
the  entire  observational  period  was  4 2 mph 

Wind  gusts  exc  ceding  20  mph  ok  urred  during 
almost  every  month,  a peak  value  of  SCI  mph  was 
observed  on  two  separate  days  in  January  l‘)74 
I he  direr  tion  during  these  events  of  peak  wind 
was  from  the  south  or  southwest 


Fxanunation  of  the  predominant  wind  dim  - 
tion  observed  on  each  day  (App  Aj  provided  an 
estimate  ol  the  prevailing  direction  tor  each 
month  In  some  instanr.es  two  directions  vsere 
dominant  on  one  day,  in  which  case  the\  were 
each  given  half  weight  in  the  calculations  tor 
developing  a wind  rose  (Tig  7)  The  diagram 
shows  that  the  direction  ot  the  wind  duung  tin 
period  ot  study  at  CRKEl  was  somewhat 
variable  Synoptic  weather  patterns  strongly  ai 
tec  t wind  direr  lions,  fa  instance  prefrontal 
conditions  often  produce  winds  from  the  north 
east  or  southeast  and  after  frontal  passage  the 
winds  shift  to  the  west  or  southwest  Under  other 
synoptic  patterns,  the  analysis  shows  a 
preference  for  winds  to  blow  from  the  smith 
southwest  or  northwesterly  Although  some  rela 
I tonship  between  preferred  wind  direction  and 
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l igurc  7.  Prevailing  wind  directions  at 
CRRIL.  tOctoher  1972  through  March 
1974). 

so. isons  was  notori.  04}.  northonst  wnuls  in  winter 
and  southeast  in  summer,  the  < orrelalions  and 
length  of  record  were  insuffic  tent  to  1 1 1 s 1 1 1 v am 
positive  statements 

Evaporation 

Two  types  of  instruments  installed  at  ( KKI  I 
on  1 luly  1‘>7  T,  measure  evaporation  adiar  ent  to 
and  within  the  test  tells  One  instrument  a 
portable  Lambrecht  recording  evaporation  gage 
provides  a continuous  (rate  so  that  hourly  rates 


ot  evaporation  tan  tie  obtained  over  a 7 rJav 
period  It  is  located  inside  the  test  cells  in  order 
to  re<  ord  evaporation  losses  within  the  t ovt  r or 
grass  I he  second  instrument,  tailed  a mode  i.-rl 
XT  evaporation  pan  (borrowed  from  the 
Hydrologic  Division,  U S National  V\  eather  Ser- 
vice), is  located  adiacent  to  the  test  cells  I his 
pan  is  equipped  with  a stilling  well  and  point 
gage  which  are  used  to  accurately  measure  'he 
t hange  in  water  level  due  to  evaporation  over  a 
24  hour  interval  During  periods  of  rain  the 
amount  ol  prec  ipitation  recorded  in  the  nearby 
rain  gage  over  the  24  hours  of  observation  is 
utilized  in  the  evaporation  computations  Since 
the  volume  ot  the  X I pan  is  much  larger  than 
that  ot  the  Lambrec  ht  pan  water  Overllow  pro 
blems  seldom  occur  with  the  X t oan  Kehabli 
evaporation  data  during  periods  ught  or  no 
pret  ipitation  were  recorded  by  the  weighing  ap- 
parutus  in  the  l.ambrec  ht  pan 

the  daily  amounts  ol  evaporation  observed 
1 10111  both  pans,  as  well  .1-  the  dailv  prec  ipitation 
amounts  observed  from  1 lulv  to  TO  November 
197  i at  C'KKIt  are  given  in  lable  I I hi  daily 
evaporation  values  obtained  front  the  X t pan 
were  totaled  for  each  month  from  luly  through 
November  197T  . • nci  the  results  are  shown  in 
I iguie  8 A maximum  monthly  evaporation  of 
I SO  mm  (8  ')  m I oc  1 urred  in  luly,  and  a minimum 
of  SO  mm  ('  2 in  w as  rei  order!  in  November 


7 


lablt  I.  Dail>  evaporation  and  precipitation  amounts  (mm)  at  CRRtL,  1 July  — 
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t inure  ti  total  monthly  evaporation 
amounts  \-J  experimental  insulated 
evaporation  pan  at  CRRtL,  Id7  i. 


I inure  V 'solar  radiation  at  CRRLI 


Solar  radiation 

Average  daily  measurements  of  me  online 
solar  radiation  in  langleys  were  obtained  over 
the  wastewater  test  rolls  with  a vertical  I pply 
pyrheliometer  I he  lowest  and  highest  daily 
amounts  observed  during  each  month  and  the 
average  monthly  values  obtained  during  the 
period  from  November  1972  through  March 
1974  are  shown  in  figure  9 Highest  average 
values  occurred  in  lune  and  Inly  when  daily 
amounts  ot  450  to  500  langleys  were  recorded 
However,  during  these  two  months  the  radiation 
values  ranged  from  1 JO  on  an  overcast  rainy  day 
to  790  langleys  on  a bright  clear  day  Minimum 
radiation  values  occurred  in  December  when 
average  daily  amounts  rarely  exceeded  100 
langleys,  and  ranged  from  10  to  200  langleys 
each  day  During  the  time  period  studied  here, 
the  c alculated  mean  solar  incoming  radiation  at 
CKRTL  was  290  langleys  per  day 

Surface  snow,  ice  and 
temperature  conditions 

Descriptions  of  maior  changes  in  snow  and  u e 
conditions  on  the  surface  in  and  near  the  lest 
cells  during  the  winter  ot  1971  74  .ire  given  in 
Appendix  11  I his  chronologic  al  tabulation  m 
c hides  the  types  of  prec  ipitation  observed,  the 
surface  condition  of  the  test  cells  after  the 
spcavmg  of  treated  wastewater  on  the  snow  and 
tio/en  ground,  and  the  alternating  ac  c umulation 
and  melting  of  the  snow  and  ice  cover 


Snow  i over  density  observations  (g  c m .\<-r. 
made  inside  the  test  cells  and  in  nearby  un- 
disturbed areas  after  new  snowtalis  or  when 
significant  c hanges  in  snow-t  over  properties  oc 
< urrod  I hese  density  measurements  are  li  n < 1 in 
1 able  II  Three  distinct  snow  or  snow-ice  layers 
were  identified  trom  these  observed  densities 
Undisturbed  layers  of  new  snowfall  provided 
density  readings  of  lews  than  0 20  g/cm  both  out 
side  and  inside  the1  test  cells  until  wastewater 
was  applied  to  the  snow  After  a period  ot  time 
the  Iresh  snow  layers  c ompac  ted  through 
natural  processes  (Bader  et  al  1954)  and  the  den 
sitv  gradually  me  reased  trom  about  0 20  to  0 2b 
g c m thus  forming  a second  type  ut  snow  ovc  r 
layer  i he  density  values  m I able  b show  that 
this  sec  oik)  type  ot  snow  cover  is  generally 
uniform  both  outside  and  inside  the  test  . mis  a 
long  as  no  water  is  applied  to  the  mow  T he  third 
snow  density  category  occurred  during  Decern 
tier  and  lanuary  .it ter  wastewater  wax  sprayed 
over  the  snow  as  ' ac  c umulated  in  the  test  c ells 
Water  on  the  snow  ejea  ic  k I v changed  its  c h.u.ic 
letixtic  s.  and  the  resulting  snow  u e c ombination 
compacted  and  hardened  sigmtic  antlv  I he 
snow  u i-  densities  ranged  from  0 42  to  I)  7t) 
g<  n.  An  unusually  warm  lanuary  thaw  in  1)74 
then  melted  almost  all  ot  this  snow  ite  layer  so 
that  snow  cover  conditions  inside  and  outside 
the  test  . ells  were  similar  during  the  remainder 
of  tin  winter  and  following  strong 


Table  II.  Snow  cover  censitics  al  CRREL  (or  the  winter  of 
1973-1974, 


' ' ' • .1 


III  It  si  I • . % 


I lull 


il*  111  I 


III  • !•' 


IM  I h‘i  viiiIm'I 
IM  l>»«  iinb»*r 
Jo  I >11  i-auu  i 
2?  i >«•«  ••iiihfr 


it  !>»•<  rinDci 

0 1 . « 

M 

o |r»4, 

•»  J.inii.ir\ 

CHl  *J  lll'M  MM i\\ 

JO  |«nui.tr\ 

0 2141 

J ' l.xui.irv 

It  l.iiiti.uv 

Musi  nl  .iltl  O.r/ 

7 h>hfu,irv 

U UKJ 

o Jim 

1 4 1 eftrtuiM 

o 2 \2 

JO  > fhlll.HV 

Il  Itio 

o J.*u 
<i  Vo 
fi  j»,»i 
il  *il  7 

1 1 ■ I • IW  lil  \ 

II  III XI  II  IN*  ■ III  I.  r.iv 

' • M4I  lit) i l.iyio  i.I.K 

*'JV  lai|»  I ivrr  rmiy 

Mist  M %ll  I i.J 

IM  \\  MNlVVl.lll 

II  2 IM 

II  |IMl  1 1*  A IMUll  ill 


JK  I I lUU.H  . 

I«»  \nl  i iiiiiii.i.  i. ...  i n i-  iiitti  ri<  |»|.  ••  |.  .i  . , 

.'!>  Mill,  h 


Jl  M.iii  It 
22  vi. im  li 

VI. id  h 


li  II.  . 
Il  .'Ml 


**  A|iii! 
Ii>  Aim! 

M V-- 

II.  A;o  ■ ! 


I li|  1 III*  Pf  . I *•/  I I ’ l 


Average  daily  snow  ground  interfac  e tempo-, i 
tores,  average  daily  air  temperatures,  and  daily 
snow  cover  depths  measured  near  the  tempera- 
ture probes  are  presented  in  Figure  10  I he 
snow/ground  interface  temperatures  between  18 
December  1973  and  31  January  1974  only  ranged 
trom  27°  to  31  °F  when  the  ground  was  < overed 
with  snow  1 to  8 5 in  deep  The  average  daily  air 
temperature  during  the  same  period  ranged  trom 
8 to  + 4 t°F , but  these  high  and  low  values  had 
little  influence  on  the  ground  temperatures  due 
partly  to  the  insulating  layer  of  snow  However, 
the  cold  air  temperatures  and  subsequent 
shallow  snow  rover  during  I ebruarv  1974  (I  ig 
U»  resulted  in  (older  snow  ground  mtertvtr e 
temperatures  which  probably  caused  a greater 
penetration  ot  trust  in  the  ground  i he  variable 
ground  temperatures  observed  .it  this  time  also 
iii.iv  have  been  r.iused  try  the  exposure  ot  the 
probe  to  direr  f sunlight  as  well  as  lac  k ot  a snow 
rover  tor  insulation  This  solar  and  noninsulated 
influence  on  the  surface  temperature  is  t onfirm 
ed  by  the  i lose  association  between  the  daily 


i hanges  in  the  air  and  ground  temperatures  .... 
I.g  10) 

based  on  the  significant  warming  period 
whu  h or  r urred  between  1 and  8 March  1974 
(Fig  10).  it  is  possible  that  wastewater  spraying 
could  have  commenced  sooner  than  the 
reported  date  of  17  April  1974  However  plant 
uptake  of  wastewater  constituents  would  not 
take  place  this  early  in  the  spring  at  Hanover, 
New  Hampshire 


CLIMATIC  CONSIDERATIONS  IN 
LAND  TREATMENT  OF  WASTEWATER 

In  .my  program  of  land  treatment  ot  waste 
water  the  r lim.iti  a:  e.irli  site  is  an  important 
far  loi  to  t .inside  Whiling  1978)  Lor  al  sve.iiher 
dtrei  1 1 v influent  es  sue  h t.u  tors  as  the  length  ot 
the  growing  season  the  soil  surfar  e conditions 
tin  gain  and  loss  ot  water  by  precipitation  and 
evaporation  otr  In  frost-susceptible  regions 
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Figure  W.  Average  '•now  ground  interlace  temperature, 
average  daily  temperature  and  observed  depth  of  snow  on 
the  ground  at  CRRtL 


spec  ttu  knowledge  ot  the  snow  i ov>'i  ami 
frozen  ground  is  also  import, int  In  the  following 
discussion,  the  meteorologic.il  elements  record 
ed  .it  ( RKf  1 will  be  examined  to  point  out  possi 
hie  wavs  that  weather  conditions  can  constrain 
ot  help  year-round  operation  of  wastewater  ap 
plication  to  the  land  Although  no  specific 
recommendations  or  conclusions  are  given 
c limatir  parameters  and  their  effects  within  tin 
context  of  the  requirements  for  land  treatment 
of  wastewater  as  observed  at  the  C KKl  L site 
from  October  1472  through  March  1474  are 
presented  for  possible  consideration 

Air  temperature 

An  average  air  temperature  curve  similar  to 


that  shown  for  1 1, mover  in  figure  i i provide  ■ 
good  last  estimate  ot  the  length  of  the  non  In  .s* 
season,  i e the  probable  beginn  ng  date  of  fre.-z 
mg  temperatures  in  late  autumn  anri  t h«  ' *'  a 
the- thaw  season  in  spring  for  example  tig.  *,. 
showsthat  average*  daily  temperaUm  \ ot  tt'  < n 
lc*ss  at  Hanovet  t an  be  oxpec  ted  to  start  in  a!  it 
mid  November  and  end  in  mid  Mae  i.  t Puses* 
during  the  last  halt  of  November  • 

temperatures  at  ( RKH  were  above  1 

cheat  mg  that  the  soil  during  some  x > . - , * ■ ,'n . ■ • 
main  unfrozen  beyond  the  usual  time  ot 
pec  ted  I tost  i x tension  of  the  applu  ation  ; . • • t 
beyond  a predr'terminc'd  or  expected  averag* 
date  should  he  further  considered  because*  the 
temperature  til  the  wastewater  is  usuallv  w , inner 


r 


l lull  the  ainliicitt  air  If nipcraluie  ( omnHioii- 
l h toiling  minimizes  soil  iieezutg  w ithm  ill.  -ml 
prollle  m !hr  early  winter  and  dm-  may  alien 
ter  lonlinued  mtiltration  in  die  waxteyy.ilei 
However  a study  by  leilkins  el  . i i il'Drtl  in 
du  cites  di.it  satistai  terry  bloc  lieinti  al  oyygrn  de 
mand  iliOD)  removal  did  not  >i  i u at  -oil 
temper, limes  below  4°l  < onxequenlly  these 

iiilual  temperatures  should  be  taken  into  .a 
i ount  dining  this  evaluation 

11  temporary  release  ol  wastewater (e  g due  to 
limited  storage)  try  -praying  in  winter  is  r«‘(|uired 
01  bei  nines  necessary  additional  applu  alion  to 
the  land  i an  lie  ,n  < oinphslied  in  several  ways  In 
temperate  regions,  lot  example  sigmtn  ant 
thawing  peiuKls  in  midwinter  may  permit  the  or 
iasioit.il  release  ol  water  direr  tly  to  the  land 
when  and  it  any  i oyer  ot  snow  has  melted  In 
t *n  i . m some  i ,1-i's  i onsiderable  infiltration  ot 
wastewater  in  the  soils  may  be  possible  beneath 
a prolei  lire  snow  i over  wiiu  h has  prevented  the 
sort, lie  ol  the  ({round  Irom  freezing  However 
tile  -pray  mg  ot  w.i  dewater  over  a snow  r ovei  le 
quires  special  dispensing  nozzles,  otherwise  it 
may  not  be  effective  When  this  method  was 
tried  at  ( KKI  1 in  December  Ilt7i,  Ireezing  air 
temper, nines  prodm  ed  <i  large  dome  ol  n e 
.iround  tin-  experimental,  small  radius  spray 
no//les  bein({  used  on  the  test  tells  (App  B)  Ibis 
mixture*  ot  snow  and  frozen  wastewater  remain 
ed  solid  until  the  following  thaw  period  in 
spring  \ de-.  iiplion  ot  a type  ot  nozzle  used  tor 
wintei  spiay  iiii;  at  V\  esl  Dover  Vermont,  is  given 
by  Bouzoiin  (1*1771  A suitesslul  method  ol 
v\ inlerl mie  -pnnklei  distrihution  ot  wastewalei 
has  also  been  i undue  ted  m the  Soviet  Union 
|S|h  heibakov  l*»7H)  I Ins  was  a<  hieved  by  spray 
nii.  the  wastew  aler  avyay  Irom  the  spunkier  so 
that  a,  buildup  dirt  not  ot  < ur  under  the 
spimklei  head 

It  w inter  ippln  at  ton  ol  yvastevvati'r  is  planned, 
ml . uniat  ion  on  irost  pent  nation  is  required  to 
• tefernme  ihe  depth  at  whit  h an  underground 

, elini  system  should  be  laid  Compulation  of 
d"  design  lieezing  index  (it*  t oldest  winter  in 
■'iihei  i lit  or  Ml-yeai  record)  is  one  method 
whit  h i mild  help  provide  sui  h intoimation  In 
strut  lion-  on  the  prot  edures  for  ( air  iilatmg  this 
value  are  given  m a U S Army  tot  hmc  al  manual 
(t  S Army  |qi>r.)  However  the  freezing  index 
a/ one  xxill  not  furnish  the  essential  inlormaltnn 
on  the  depth  ol  trust  in  the  ground  due  to  I)  the 
insulating  properties  ot  the  -now  < ovei  J | Ihe  el 
lei  I-  ol  dilt.'iriit  types  ot  -oil  and  ft  the  in 


tluemeot  y egel.itiori  ty  pe  and  den-ily  II.  ■ 
tei  t - ot  y ar Ions  homogenetic  - -oil  : y p.--  , .i  Bit 
i.lte  and  dejilh  ot  Iro-t  in  the  ground  I-  di  sc  nlicd 
m another  t1  s Army  t on-lrui  tion  manual  (I  s 
\imy  I'Mili)  lor  example  figure  14  ot  this 
iii, mu. it  shows  that  under  a -rioyy  t r<  cover  ol 
tint  tiost  penetration  m silty  sail,!  alter  I'clHI 
freezing  deg’ee  days  have  arc  imibateil  wilt 
reai  h a depth  ot  about  1‘.  tt  Under  -innlar  -nr 
l.ii  i and  temperature  i onditions  in  well  dram*  • 
sandy  gravel  the  trust  will  penetrate  to  ah'  at 
1 1 m depth 

Prec  ipitation 

Ihe  design  ol  an  efficient  land  tnatini  i, 
system  must  include  an  evaluation  ot  the 
average  amount  and  rate  of  pre>  limitation  so  i h. • 
a water  balance  can  be  calculated  Uependm 
on  various  soil  salinity,  and  plan*  t.nlr.i-  an 
aieas  generally  fiermit  greater  application  ran 
per  unit  area  ot  land  than  are  possible  in  hun  •! 
regions  Ibis  is  due  mainly  to  increased  riles  ot 
cxapotranspiration  and  evaporation  Imorm.i 
lion,  iherefoic-  on  the  regional  and  seasonal 
distribution  ot  precipitation  is  import  an'  n ih. 
de-ign  and  operation  ot  a land  treatme*  • pr 
led  Detailed  weather  data  as  gn>n  x 

Department  ot  ( ommen  e ll'fyh  lUVr  are;  Pic.-l 
have  proven  useful  in  the  planning  .tag,  u 
determine*  y\hu  h months  of  the  year  one  i an  * ■ 
fleet  critical  conditions  -in  h as  exit  aye 
evaporation,  low  rainfall,  high  air  temp,  a un 
high  wind  speed,  etc 

I lie  rate  ot  i anil  a I)  (i  c*  its  in  lens  it  y | bei  c .nao 
important  when  considering  sloiage  requm 
inenls  tor  exi  essive  runoll  In  these  in  lam  ex. 
reported  total  daily  or  inonlhly  precipitation 
amounts  may  he  misleading  bei  am  * Ini* 
percentage  ot  this  ramwatei  may  have  * p . 
during  one  or  more  high  intensity  torms  ■ an  , 
Ihundeistornis  piccduc  e nnirh  of  he  ran, 
summer,  lor  esample.  the  average  morni'. 
prec  ipitation  amounts  as  given  in  the  c c ord- 
should  he  used  with  c an l ion 

A review  ol  how  air  temperatures  and 
prei  ipitation  atlec  tecl  the  vsmter  opniatiui. 
the  ( KKI  I wastewater  -it,  during  I'*  ■ 7 4 
t oilows  Waslewatei  applit  atiun  i ontniued  fur 
mg  intermillenl  periods  of  freezing  and  ih.i.yuig 
temperature-  and  light  snow  showers  between 
71  Sep  lei  nicer  and  I (1  Dec  .-mi  cel  1'CI  Bi  • I me  i 
vals  c cl  above  It.-i  zing  ail  tctllpe I uture-  fcetyyei  . 
7’  Dec  emliec  1'l7 '.  and  il  Man  h 1*174  I App  A 
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plication  nt  wastewater  ill  (KKIl  it  needed 
However  miiIi  attempts  were  not  made  during 
tins  | n tii n 1 bei  ,iu st*  the  soil  it-mained  Iro/en  lui 
most  nt  the  w inter  Snow  I all  amounts  in  the  area 
throughout  the  winter  ot  |‘)7  t-74  were  light  anil 
the  tiiomul  was  tree  nt  sums  liy  24  Mari  h 1074 
Movvevei  ,i|)|)lu  ation  ot  wastewater  on  the  test 
i ells  at  l KRI  I did  not  ben  in  again  until  17  April 
An  earlier  start  might  have  been  possible  it  the 
ground  had  thawed  betore  17  April  and  it  the  soil 
had  been  less  saturated  (App  Hi 

Wind  speed 

I he  i i mtr ibu t a in  ut  surlaie  winds  to  the 
amount  ot  w stewalei  that  t an  be  applied  to  the 
test  i ells  throughout  the  period  ot  studs  was  in 
sesiigntod  I he  study  showed  that  the  most 
sigi  itK.int  intluonce  mints  tluiing  periods  ot 
high  w md  speed  in  summer  bei  ause  evaporate >n 
idles  Iron  an  open  water  surlui  e were  observed 
to  increase  very  inpidiv  at  these  tunes  I Ins  is 
partu  ularls  true  when  the  moving  air  is  quite 
dr\  as  to'  example  on  12  (uly  Ib7  i .it  (KKIl 
when  a maximum  hourly  wind  speed  ot  24  mph 
was  rei  orded  and  the  daytime  humidity  do 
creased  to  a minimum  ot  (App  At  I In 

eyaporation  front  the  X t pan  on  this  date  was  12 
mm  111  47  in  ) W hen  a land  treatment  system  is 
designed  to  apply  as  miu  h wastewater  as  possi 
hie  during  the  summer  months,  (onttnuous 
monitoring  ot  the  wind  speed  and  relative 
humidity  is  essential  hei  ause  ot  the  resultant  in 
r reased  water  losses  ihiough  evaporation  An 
assor  nil  ion  between  evaporation  and  evapo 
transpiration  rates  will  be  ilisi  usseil  later  in  this 
section  I his  i lose  relationship  lielwoon  high 
evaporation  rates  anil  strong  winds,  hinvevei  no 
longei  applies  during  periods  ol  prec  ipitation  <>i 
(rigid  weather 

A sturlv  in  whu  h the  above  print  ipie  ol  mas 
tmunt  wastevvatei  appfu  ation  was  used,  based 
on  crop  type  and  growth  stage  was  condm  led 
by  Hiler  at  al  (ll)74)  I he  i oncept  tliat  thin  im-d 
tin  o|)tiini/ing  vvalei  need  employs  lei  Imique 
< allerl  the  stress  day  index  (SO 1 1 I he  pnu  eclim- 
provides  a quantitative  method  tor  deleimming 
the  water  stress  imposed  on  a i top  during  it. 
growing  season  I Ins  crop  sum  eptibilhv  lai  tm 
((SI  is  di'ternnned  ex|>eriment<illv  as  the  tin 
tional  reduction  in  yield  resulting  from  a lixed 
water  deli,  il  during  a given  growth  stage  I he 
authors  also  note  that  other  rational  irrigation 
timing  approaches  have  been  reviewed  bv  the 


Pillowing  investigators  (I  leming  l‘IM>  I mat  u 
and  i ill  1’lti‘t  lensen  et  al  I ‘*70  and  Hiler  el  al 
1472)  However,  it  should  be  noted  that  the 
above  procedures  are  used  as  system  opera 
Iron'  options  In  instant  es  where  there  is  a built 
in  capability  to  monitor  the  daily  wind, 
temperature  humidity  and  radiation  < onditions 
it  niav  be  possible*  to  ini  rea se  or  decrease  the 
applitdlion  rate  accordingly  (.eni-rally 
elaborate  systems  such  as  this  are  not 
economical  and  aie  instead  built  ind  operated 
on  average  or  extreme  monthly  seasonal  or  an- 
nual i limatologic  al  data  lor  example  present 
design  procedures  i onsider  the  woist  i Im  -iiit 
conditions  observed  during  ear  h month  tor  a 
It)  year  period  ot  record  (US  I nvironmental 
I’roter  lion  Agem  y 1‘J77j 

Water  budget  approach 

In  the  mtroduc  turn  ot  a study  condui  ted  by 
Rouse  and  Wilson  (1')72j,  the  authors  state  I In 
water  budget  approach*  to  determining  evapo 
transpiration  has  the  advantages  that  the 
net  essary  measurements  can  be  made  qua  klv 
little  training  or  skill  is  needed  on  the  part  < l : i ,e 
investigator  and  a program  ran  be  operated 
i heaply  over  long  periods  ut  time  In  this  study, 
the  authors  tound  that  the  estimation  of  evapo 
transpiration  Irom  a soil  moisture  budget  ap 
proat  h under  an  exposed  120  x 210-m  field  ot 
i om  was  ac  r eptable  (within  * 10%;  when  1 J the 
time  span  between  the  measurements  m soil 
moisture  c hange  was  al  least  four  dav  s 2jevapo- 
transpiration  rates  were  high  (>  5 mm  day). 
t|  there  was  no  prer  ipitation.  and  4)  six  oi  more 
sites  were  used  to  give  a spatial  averagi  the 
siurlv  showed  that  with  simplified  held 
measurements,  a reliable  account  of  the  water 
budget  will  provide  results  i omparable  to  those 
obtained  Irom  extensive  mu  rometeomlngii  al 
me.isurements  and  energy  exr  h.tnge  i ah  ula 
lions 

I lie  ( RKI  i sit.  is  a ( lose. I system  (exi  **pt  tor 
losses  due  to  evapotranspnalion;  and  then-lore 
oilers  a means  ol  ai  i utately  i ondm  ling  a water 
byrdget  slutly  Sim  r-  the  test  .ells  are  em  loser! 
on  all  sides  and  a’  the  bottom  by  t one  reti  there 
is  no  water  loss  by  lateral  moyement  or  by  de.  | 
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I i^ure  II  Monthly  pietipiuilion  and  evaporation 
amounts  at  CKKLL  \1ay-September  1974 


infiltration  In  order  to  conduc  t sue  h <m  evaluu 
tion  ol  tin*  water  budget  .il  the  l KKI  I waste 
water  installation  the  following  components 
should  be  monitored  1)  the  input  ot  prrcipita 
tion  and  wastewater  amounts  tor  water  nam  2) 
the  percolated  water  colter  ted  at  th“  bottom  ol 
the  test  i ells  tor  water  loss  and  1)  the  amount  ol 
water  retained  in  the  soil , root  systems  and 
vegetation  tor  water  loss  due  to  storage  I he  re 
rnaining  water  losses  would  be  due  to 
evapo  transpiration 

A preliminary  study  i ondut  ted  at  l KKI  L has 
shown  that  maximum  evapotranspiration  ora  ur- 
red  when  small.  frec|uent,  and  suttn  lent  doses  ot 
water  were  applied  so  that  no  decrease  in  plant 
transpiration  would  take  plain  One  large  ap 
pin  a tion  (one  per  week  lor  example)  equal  to  all 
the  small  (loses  did  not  produc  e equivalent 
evapotranspiration  losses  I he  soil  in  this  i ase 
does  not  retain  all  the  water  because  some  is 
lost  to  percolation  A deficiency  in  available 

*lVr>nM.il  i oiimiuiiM  A Utk;»»  Mvt»  .ill  anil  I tl*K  Ini 
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water  then  may  or  i ur  prior  to  the  next  upplic  a 
lion  so  that  evapotranspiration  is  not  sustained 
.it  normal  (or  maximum)  rales 

Pan  evaporation 

An  investigation  ot  monthly  evaporation 
amounts  obtained  trom  the  X i experimental 
pan  and  lire  < ont  urrent  monthly  prer  ipitation 
amounts  tor  the  period  1 May  through  it) 
September  1 M 74  at  C KKI  L was  conducted  1 he 
results  are  shown  in  figure  11  Sole  that  these 
dates  extend  beyond  the  period  ot  record 
discussed  earlier  in  this  study  Since  pan 
evaporation  measurements  began  in  luly  197), 
data  tor  the  entire  summer  were  not  available 
until  the  Pillowing  year  1 he  record  tor  1974 
there) ore  w.is  used  in  this  analysis  The  monthly 
pre<  ipitation  amounts  observed  during  the  sum 
mer  ol  1074  .it  ( KKI  I (I  ig  11)  show  that  ext  ept 
lor  September  when  an  uni  ommonly  high  tain 
Kill  ot  t urred.  the  totals  ranged  (tom  2 1 to  . I m 
I hese  monthly  values  of  observed  pret  ipitation 
< tiint  nle  with  longterm  average  records  which 
show  that  the  Hanover  Lebanon.  New  Hump 
shire  region  experiences  similar  amounts  of 
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prev  ipitatton  each  month  throughout  the  yem 
(L  5 Dept  ot  Commwee  1964) 

Maximum  evaporation  at  C KKI  I normally  o< 
curs  during  July  when  slightly  more  than  i>u  in 
of  water  returns  to  the  atmosphere  dig  ID 
Minimum  values  occur  in  winter,  but  since  ex 
posed  water  suriates  at  the  CRKtl  site  tree/e 
during  most  of  the-  period  between  December 
and  March,  snow  surface  evaporation  measure 
merits  were  not  attempted  I he  accumulated 
prec  ipitatmn  (16  IS  in  ) at  the  waste-water  site 
between  l May  and  10  September  1974  and  tin- 
water  lost  to  the  atmosphere  as  measured  bv 
pan  evaporation  (J4  1 ri  in  ) during  the  same 
period  .ire  shown  in  I igure  14  I his  gain  and  loss 
ot  water  through  natural  means  show  a delie  it  ot 
over  7 5 in  oc  < urring  as  a result  of  evaporation 
during  the  live  months  under  study 

Daily  monitoring  of  evaporation  rates  is  prob 
ably  most  useful  tor  applie  ation  in  ■ top  manage 
men!  f or  example,  Hiler  et  al  (19741  desc  rilie  a 
situation  in  which  the  crops  are  exposed  to  an 
extremely  high  evaporative  demand,  even 


though  the  soil  is  well  irrigated  It  evaporative 
demand  exceeds  maximum  supply  rale  trom  d» 
soil,  the  plant  would  indicate  a water  detail 
When  the  soil  is  already  wet,  an  appropriate  ir 
ngation  approac  I to  conserve  water,  would  be. 
it  lc-asible.  tc)  apply  a light  spray  of  water  to  the 
cropland  t onsequenlly,  during  meteorological 
events  ot  strong,  dry,  and  warm  winds  the  soil 
c ould  lie*  fully  saturated  and  iln-  c rop  c an  still  be 
continuously  wetted  to  reduit  the  evaporative 
demand 

Potential  e-vapotranspiration  and 
pan  evaporation  comparison 

Another  method  in  whit  fi  potential  ev.ipotran 
spiration  (l’|  1 ) laic  s < an  be  estimated  is  lo  ■ on 
sidc-r  the  assoc  lation  between  P(  I and  pan 
evaporation  In  a watershed  evairotranspiratiou 
study  c undue  ted  bv  Saxton  et  al  (1974i  ten  ex 
ample  the  relationship  between  PI  I and  noth 
pan  evaporation  and  solar  radiation  was 
evaluated  I hey  found  that  ( ale  ulaled  daily 
v. tlues  of  potential  evapotranspiration  (Ptli 
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compared  more  i losely  with  observed  aiiiotirils 
ol  pan  evaporation  than  they  did  will)  net  radi.i 
lion  I ho  investigation  showed  that  ( . i It  dialed 
values  ol  I’l  1 depend  not  only  on  the  m i i.uli.i 
tion  but  also  on  wind  run  and  the  vapor  pressure 
debt  it  Consequently,  they  tuund  loss  Matter  in 
the  comparison  with  (ran  evaporation  than  with 
net  radiation  bei  ause  pan  evaporation  responds 
to  both  radiation  and  the  aerodynamic  variables 
In  their  summary,  the  authors  state  that  Good 
lorrelntion  of  observed  daily  pan  evaporation 
with  calculated  daily  I’l  I values  substantiates 
the  t ommun  prat  tic  i*  of  estimating  I’l  I amounts 
by  adjusting  obseued  (ran  evaporation  In  their 
study,  monthly  ratio  values  .it  PI  I pan  ovapora 
tion  determined  lor  three  yeais  ol  observation 
ranged  trom  about  h'>  to8l)%  tor  the  early  sprain; 
and  late  autumn  months  and  from  about  HU  to 
‘)r>%  tor  the  months  May  through  September 
The  average  seasonal  (i  e April  through  ( )c  lobei  t 
ratio  ot  I’l  I pan  evaporation  obtained  from  the 
three-year  study  was  81%  Since  (ran  evapora 
tion  data  are  readily  available  tor  many  states 
(US  Uept  of  Commerce  T9SS.  IMS'!),  utilization 
ot  the  preceding  ratios  would  he  benetn  lal  lor 
estimating  evapotranspuation  amounts  In  tact, 
tile  It  s National  Weather  Service  is  now  pro 
siding  daily  surface  water  evaporation  reports 
lor  the  southern  Great  Plains  irrigation  farmers 
(Newton  and  Wilke  I97i)  Additional  minima 
tion  on  the  ratio  values  between  pan  eyapoia 
tion  and  evapotranspiration  over  various  t rops  is 
given  in  a soil  conservation  handbook  (USI)A 
i%4).  and  in  evapotranspiration  ecjiialions 
reviewed  by  Veihmeyer  (l‘ii,4) 

It  the  average  Mav  through  Se|)teml>ei 
I’L  I pan  evaporalicm  r.itios  ot  80  In  dr.%  as  ob 
tamed  by  Saxton  el  al  (1*174),  are  applied  to  the 
J4  I S in  ot  pan  ev  aporalion  rec  orded  at  t KRI  I 
the  tot.il  estimated  evapotranspiration  tot  the 
period  studied  would  range  trom  about  l‘»  to  J! 
in  I he  difference  between  PI  I and  pan 
evaporation  amounts  (14  in)  ran  be  con 
sidered  to  lie-  relatively  small  when  t ompared 
with  the  average  total  of  IS  in  of  wastewater 
whic  h was  applied  to  the  test  c ells  over  I lie  live 
month  period  ( onsequently,  installation  ot 
elaborate  and  expensive  nut  roineleorologn  al 
equipment  to  measure  evapolranspiralirin  rales 
from  the  vegetation  on  the  ( KKI  i waslewalei 
c ells  does  not  appear  to  he  a useful  or  nee  essary 
alternative 


Literature  review 

During  the1  course  ot  this  investigation  a 
nunihci  ol  o -t  ent  i e ports  w hie  h c out  a in  inti  >i  ma 
tion  ifl.it mg  to  evaporation  m ex a|iotranspira 
tion  w astewatei  management  w ater  quality 
c ontrol  or  water  pollution  were  obtained  I lies, 
papers  have  also  been  included  in  the  Sc-ifi  led 
liihhoprjph  \ 
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Monthly  Max  = SC°F  Monthly  Min  = o°F 

*Snow  depth  data  taken  from  the  following  sources:  1.  Nov  1972-Feb  1973  from  Hanover,  N.H.  Co-Op  s 

2.  Mar  and  Apr  1973  from  Lebanon,  N.H.  FAA  sta. 

3.  Dec  1973-Mar  1974  from  USA  CRREL  Met.  sta. 
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Monthly  Max  = 40  F Monthly  Min  = -9'F 

•(Winds  from  Lower  Level  on  Roof,  Surface  Wind  3ta.  Inoperative. 
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Monthly  Max  = 55°F  Monthly  Min  = -?2°P 
*Use<i  Roof  Wind  Lower  Level 
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Monthly  Max  = U5°F  Monthly  Min  = -22°F 

*Upper  Level  Wind  used.SFC  wind  equipment  out  of  operation. 
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Monthly  Max  = 6l°F  Monthly  Min  = lU°F 
Peak  "lust  31  MPH  on  Mar  31 
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Monthly  Max  = 76°p  Monthly  Min  = 31°F 
Peak  3ust  ?0  MPH  on  3 May. 
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Monthly  Max  » 91°F  Monthly  Min  - ?lOf 
F>?a>:  lust  1?  ‘un  ?5  MPH. 

"Trailer  Vind  Speed  Recorder  Inoperative:  Cppt  r 1 , ,•!  Kinds  I’si-d  tr.-ni  1 -10  .him 
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Monthly  Max  = 9U°F  Monthly  Min  = 39°F 
Peak  Gust  = 31  MFH  on  28  July. 

♦Upper  Level  Winds  used. 
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Monthly  Max  = 93  Monthly  Min 
Peak  Gust  = k2  MFH  on  30  Aug. 
*Upper  Level  Winds  Used. 
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Upper  Level  Winds  Used. 
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Monthly  Max  = 6h°F  Monthly  Min  = lh°F 
ge&k  Oust  = 35  KFH  2 Nov  73 
Upper  Level  Winds  Used. 
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Monthly  Max  = 56°F  Monthly  Min  = -?3°F 
Peak  Gust  - 50  MW  27  and  31  Jan. 


Monthly  Max  = 46°F  Monthly  Min  = -l6°F 
Peak  Gust  = 39  MPH  23  Feb  71* 

*Strong  winds  io  50  MPH  blew  over  instrument  shelter  - hygrothermograph  broken  - no  humidity  and  dewpoint  values  1-6  Feb  7**. 
Data  obtained  using  Lebanon  Airport  Data. 
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Monthly  Max  - 63°F  Monthly  Min  --  1°F 
Peak  Gust  = 48  NNW  10  Mar  7*+ 


APPENDIX  B.  CHRONOLOGICAL  SUMMARY  OF  PRECIPITATION  AND 
SURFACE  CONDITIONS  AT  THE  CRREL  LAND  TREATMENT  SITE 
DURING  THE  WINTER  OF  1973-1974 


1973 

21-22  September 
4 November 

8 November 
21  November 

9 December 

14  December 

1 5 December 

16- 1 7 December 

17- 18  December 
18  December 

20  December 

21-22  December 

24  December 

27  December 

28  December 
31  December 


Minimum  an  temperature  fell  to  less  than  )2°f 

Average  daily  air  temperature  less  than  32°l  tor  first  time 

First  light  snow  Flowers  - melted  quickly 

Date  when  daily  air  temperature  remains  below  12°F 

Wastewater  spray  freezing  on  surface  ot  test  cells 

Wintei  so  tar  has  been  mild  and  wet 

Ice  forming  on  Surface  of  some  wastewater  test  cells 

First  major  cold  wave  with  snow  and  freezing  rain 

Snow  accun.  dating  on  wastewater  test  tells 

Wastewater  mixing  with  snow  t over  and  freezing  hard  on  test  r ells  Buildup  ot  it  e mounds  caus 
ing  some  spray  water  to  overflow  sides  ot  test  cells  I ast  day  of  wastewater  spraying  for  197  3 
All  test  cells  frozen  over  average  thu  kness  ot  t rust  layer  is  3 in  in  center  of  cells  and  1 in  at 
edges 

Snowfall  of  4 in  fell  on  test  cells,  followed  by  2 S in  mixetl  ram  and  snow,  freezing  rain  and  wet 
snow 

Snow  depth  stake  reads  3 5 in  with  0 5 in  of  new  snow  on  surface  Snow  on  test  cells  too  hard  to 
insert  density  tube 

Rain  and  drizzle  oct  urretl  overnight,  snow  cover  ablating  due  to  above-freezing  air 
temperatures  Mound  ot  it  e (and  snow  crust)  still  remains  on  most  of  test  cells 
Fleavy  rain  of  short  duration  overnight  caused  more  snow  ablation  Average  of  1 5 tn  snow  on 
ground  with  some  bare  spots 

Rain  and  freezing  precipitation  amounts  abnormally  high  with  numerous  alternating  periods  of 
freezing  and  thawing  air  temperatures  during  December 


1974 

3 (anuary 

10  January 

11  | anuary 
21-22  January 

30  January 

31  January 


4 February 

7 February 
12  February 

20  February 
22  February 
26  February 

1 March 
10  March 

21  March 

22  March 

24  March 
31  Mart  h 

10  April 
12  April 
6 May 


New  snow  layer  decreased  in  thickness  from  3 to  2 5 in  Top  0 5 in  of  layer  remains  c rusty 
About  5 in  of  new  snosvfall  over  the  test  tells 

Light  snow  fell  during  the  night,  7 to  9 5 in  of  snow  c over  over  hard  ice  on  test  cells 
Rain  and  freezing  rain  formed  thin  trust  on  snow  surfat  e 

Test  cells  covered  with  0-5  in  snow  it  e crust,  mostly  residual  from  December  spray  period 
Average  of  2 in  snow  on  ground,  snow  stake  reading  zero  Bare  spots  at  center  of  test  t ells  max 
imum  snow/ice  depth  on  cells  is  5 to  6 in  Most  ot  the  old  frozen  wastewater  spray  residual  has 
melted 

Test  cells  nearly  free  of  snow  and  ice  except  tor  1-2  in  ice  layer  about  5 ft  in  diameter  near 
center 

New  snowfall  of  4 5 in  recorded 

Approximately  2 in  neyv  snowtall  overnight,  snow  depth  on  test  cells  3 to  5 in 
New  snowfall  ot  5 in 

F reezmg  rain  and  ice  pellets  o<  t urred  overnight  0 5 in  ac  cumulation  on  surfac  e 
Between  1 3 in  hard  snow  r rust  on  test  cells 

Warm  air  temperatures  melted  all  snoyv  only  ice  I I in  thick  remains  on  the  test  cells 
Freezing  rain  and  freezing  drizzle  c hanged  to  light  snow,  all  ot  which  then  melted 
Snowfall  commenced  in  midmurning  and  4 in  had  accumulated  by  late  afternoon 
Snowfall  ended  late  on  21  Marc  h.  7 to  ft- in  snowfall  on  test  c ells  lotal  water  equivalent  equals 
0 65  in 

Rain  occurred,  patches  ot  snow  remain  on  ground  but  test  cells  practically  tree  of  snow 

Some  light  freezing  ram  anti  freezing  drizzle  most  ot  the  night,  water  equivalent  including 

snowfall  on  tilth  equals  approximately  0118  in  light  patches  of  snow  on  ground 

Average  daily  air  temperature  ot  less  than  32°l  recorded  for  last  time  this  winter 

First  day  average  temperature  .0  air  ground  interfai  e on  test  cells  exceeded  32°l 

Last  day  during  winter  of  197  3-74  minimum  air  temperature  was  less  than  32°1 
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